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Broad-spectrum particle detector. 

@ An optical detector employs either a plurality of trans- 
mhters, with a single light sensor, a plurality of light sensors 
with a single transmitter, or both a piuraPtty of transmitters 
and sensors with the componems Mng arranged at different 
angles to each other to provide a iKoad spectrum (particle 
size) of detecdon. In one system employing two transmitters 
and one receh/er the tine of sight of field of view of the 
receiver Is disposed, for example, at 90* and 150", respective- 
hr. to the lines of sight of the transmitter. Efficiency can be 
improved by arranging the light emitting diodes In series and 
operating them either concurrently or alternatively. In one 
embodimem a pair of receivers are used in association with a 
pair of transmitters white in still another embodiment a pair 
of transmitters are associated with a single receiver having a 
relatively large sensitivity area preferably of curved or 
parabolic shape. A combination optical and ionization detec- 
tor is also provided employing a comparator wherein the 
output of the ionization deteaor is used to alter the threshold 
level of the comparator with the main input of the compara- 
tor being coupled from the optical detector. Alternatively, a 
combination detector of this type can t>e used wherein the 
optical detector is used to change the threshold level and the 
main input to the comparator is from the output of the 
ionization detector. In another errangement the gain of an 
optical detector may be altered l»y the output from en 
ionization detector and vice versa. A summing circuit may 



afeo be employed wherein the outputs of the optical and' 
ionization detectors are addith^e. 
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The present invention pertains to the detection 
of particles of combustion, and pertains, more 
particularly, to a particle detector characterized by a 
broad-spectrum of detection capable of detecting a 
5 wider range of particle sizes. This is achieved in 

accordance with the present invention with no additional 
power requirements and with the use of relatively simple 
electrohic means, 

. There are many types of detectors including combina:-* 

10 tions of detectors that sense particulates and which 
are either generated by combustion or are in suspension 
in air as dixst particles. 

It is common for the optical portion of the 
detedtor when employing a combination detector, to employ 

15 a mono-chromatic light source, such as a Galium Arsenide 
photo-diode « Purthermore, the ionization and optical 
detectors may be connected logically in an AKD or an OH 
configuration. For example, there may be an alarm condi- 
tion based upon either optical detection or ionization 

20 detection, or there may be a detection in either channel 
placed upon both a prealarm condition and a full alarm 
condition. 

Reference is also made herein to my issued VmS. • 
Patents 4,126,790 and 4,121,110 which describe optical 
25 detectors employing such techniques as direct optical 
biasing and control means for the optical transmitters 
and receivers. 

One of the objects of the present invention is 
to provide an improved optical detection system that 
30 increases the spectrum of particle size detection. 

Another object of the present invention is to provide 

an improved combination type of detector having improved 
detection sensitivity. 
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Still a further object of the present invention is to 
provide an improved optical detection system having broad . 
spectrum detection characteristics with no substantial 
additional power requirements. 

5 In accordance with the present invention a greater 

dynamic range of particle size detectbn i.s realized by 
taking advantage of the scattering properties of particulates. 
In the prior art it is common » suQh as shown in my U.S. 
Patent 4, 121,il0 to have the optical receiver arranged at a 

10 fixed angle to the optical transmitter-. This angle between 
the line of sight of the transmitter and receiver although • 
fixed, may be fixed at different angles. For example,. in 
some arrangements an angle is selected to provide a greater 
efficiency of forward scattering by particulates. In other 

15 arrangements such as shown in U.S. Patent 4,102,997 there is 
a more acute angle between the transmitter and receiver in 
order to detect larger particulates. However, it is usually 
' a case of compromise between a more and less acute angle so 
as to compromise between greater efficiency and the detection 

20* of larger particulates, at a lowered efficiency. 

An object of the present invention is thus to provide an 
optimization with greater efficiency and also detection of 
larger particulates .by means of the use of either a pair 
of transmitters or a pair of receivers, or both. There are 

25 described herein a number of different versions for providing 
this -broader spectrum of detection. It has been found in 
•accordance with the invention that the larger particles are 
more efficiently detected with the use of a more acute beam/ 
receiver-path while the detection of smaller particles is 

30 enhanced with the use of a more obtuse beam/receiver path. 



To accomplish the foregoing and other objects of this 
invention there is provided an optical detection system that, 
35 in one embodiment includes a plurality of optical transmitters 
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each having a beam path, means supporting the transmitters, at 
least one optical receiver having a field of view and means 
supporting the optical receiver. The beam path of the trans- 
mitters are each disposed at a different angle to the field 
5 of view of theoptical receiver. One embodiment employs two 

light sources, however, more than two may be used depending upon 
the application, the costs and the total physical size or the 
• unit. With each beam being disposed at a different angle to 
- the receiver, it is thus possible to take the advantage of 

10 larger particle detections which occur at the more acute • 

beam/receiver path and also smaller particle detections result- 
ing from the less acute or more obtuse beam/receiver path. 
In one example disclosed herein the respective angles may be 
90® and 150** for the respective angles of the transmitters 

IS to the common receiver. 

In an alternate arrangement there may be provided a 
plurality of optical receivers each having a receiving field 
of yiexf and used in association with at least one optical 
transmitter having a beam path. In such an arrangement the 

20 field of view of the receivers are each disposed at a differ- 
ent angle to the beam path of the transmitter. In still 
another embodiment in accordance with the invention there may 
be provided two or more receivers and two or more transmitters. 
With all such arrangements, there is a substantial improvement 

25 in the spectrum of particle sizes that is detected along with, 
an improved efficiency of detection. In still another version 
th^re may be used a single receiver associated with two 
separate transmitters with the receiver having a relatively 
large sensitivity area distributed over a large acceptance 

30 angle. For example, the receiver may have a concave or 
parabolic surface. 

In accordance with another feature of the present inven- 
tion there is provided an optical detection system having a 
transmitter section and a receiver section wherein the 

35 transmitter section includes a plurality of light emitting 
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means and means for commonly driving these light emitting 
means to provide concurrent illumination thereof. In the 
preferred arrangement Galium Arsenide light emitting diodes 
are employed arid are coupled in series with; little or no 
5 increased power or current cdhsumption being provided in two 
diodes over a single diode.' The net. effect is to increase 
the amount of radiated power into the field of view o£ the 
receiver without any appreciable current consumption. In an 
alternate arrangement these dio'dfes may be operated sequentially, 

10 This allows for a smaller duty cycle and' thus increases the . 
life span of these devices. For example, the diodes could.be 
CQntrolled from a flip-flop type device firoviding alternate 
operation of the diodes on a 50% duty cycle. 

In accordance with a further aspect of the present inven- 

15 tion there is provided an improved combination detector such' 
as one employing optical detection means and ionization 
detection means. In this regard the optical detection means 
• includes optical detection circuitry and also the ionization 
detection means includes ionization detection circuitry* In 
.20. accordance with the present invention, rather than connecting 
the different detection sections in a logical (AND/OR) 
configuration, one of the sections is essentially .used to 
control the threshhold or gain of a signal .from the other 
section. For example, in one version, the optical "detection 

25 means includes means for providing a detection signal* while 
the ionization detection means includes means for providing 
a reference or threshhold signal. The arrangement also 
includes output decision -means responsive to the detection 
signal and the reference or threshhold signal for providing 

30 an output alarm signal. In an alternative version of the 

invention the threshhold or reference level may be provided by 
the optical portion of the system rather than'the iorization 
portion of the system. In accordance with the invention as 
described in one embodiment herein are the output decision 

35 means may include a comparator means having one input for 
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receiving the reference or threshhold signal and another 
trigger input for receiving the detection signal. There may 
be provided a threshhold circuit in the form of a voltage 
divider circuit having a node- coupled to the one input of the 
5 comparator and the semi-conductor .means such as a bipolar 
transistor providing a variable impedance for the threshhold 
circuit and controlled from one of the detection sections such 
as the ionization detection circuitry. In an alternative 
embodiment of the invention the output decision means may 

10 include a gain control means which may comprise a voltage 
divider means including a semi-conductor control means the 
conduction of which is controlled from the reference section 
of the system. Again, either the optical or the ionization 
portions of the system can be used for the reference section 

15 or the gain control section. Alternatively, rather than the 
two sections being optical and ionization, the two different 
sections could both be optical or both be ionization, or 
possibly other types of detection. ^ The output decision means 
may also include summing means such as a current summing cir- 

20. cuit having an input reference, and a second control input 
• which is the sum of currents from the two different sections 
such as an optical* detection section and an ionization detection 
section. 

* 

25. ^ ' 

Numerous other objects, features and advantages of the 

invention should now become apparent upon a reading of the 

following detailed description taken in conjunction with the 

accompanying drawings, in which: 
30 . FIG. lA schematically depicts one optical system in 

accordance with the invention employing two optical transmitters 

and a single optical receiver; 

FIG. IB schematically depicts an alternate arrangement for 

the system also employing two transmitters and a single 
35 receiver; 
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FIG. 2 is a circuit diagram depicting one embodiment for 
driving two series arranged light emitting diodes; 

FIG. 3 shows a circtiit diagram for the alternative 
control of a pair of light emitting diodes; . 
• 5 FIG. 4 schematically depicts an optical system employing 

two- transmitters and two receivers, and showing the respective 
angles that may be used therebetween;. 

.FIG. 5 is a schematic diagram of a two transmitter arrange- 
ment employing a wide angle receiver; 
10 FIG. 6 is a circuit diagram for a combina'tion detector 

of the type employing an optical detection section and^ an . 
ionization detection section and an. output comparator ,^ the 
reference level to which is controlled from the ionization 
detection section; 
15 FIG. 7 is a further schematic circuit diagram similar 

to the one shown in FIG*. 6 also employing both an ionization 
. detection section and an optical detection section and an 
.output comparator th? input reference to which is controlled 
from the optical detection section of the system; 
. 20. FIG. 8 is a schematic circuit diagram of a combination 

detector including both optical and ionization sections wherein 
one of the sections such as the ionization section controls the 
gain of the output from the optical secti-on; and 

FIG. 9 shows another circuit embodiment for a system 
25 employing an optical detection section and an ionization 
detection section and including an output transconductance 
amplifier functioning as a summing circuit for the outputs . 
from, the^ifferent sections of the system. 

30 
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In accordance with one feature of the present invention 
there is described an improved optical detection system that 
substantially increases the spectrum of particle size that is 
5 detected. In this connection reference is made to FIGS. lA 
and. IB which show two baisic versions of the invention. 
In FIG. lA there is shown a holder H for supporting a pair 
of transmitters and a single receiver. This holder includes 
. a support section HI for the transmitters Tl and T2 and 

10 a support section H2 for the receiver .R. Each of the transmit- * 
ters Tl and T2 has a ray or light beam associated therewith. 
Thus, the transmitter Tl has a beam Bl while the transmitter 
T2 has a beam B2. The holder H also includes a barrier B 
disposed between the transmitters and the receiver, which 

15 barrier provides a controlled amount of optical biasing for the 
receiver R. Both of the transmitters and the receiver may be 
supported in a conventional manner. The transmitters Tl and 
TZ may each comprise light emitting diodes such as a Galium 
Arsenide photo-diode. The receiver R may comprise a photo- 

2Q transistor or the like. 

In FIG. XA it is noted that each of the beams Bl and BZ 
are directed at a different angle to the field of view of the 
receiver. In this connection note the center line L of the 
field of view of the receiver R: With the arrangement of FIG. 

25 lA the larger particles are detected from the beam B2 which - 
is disposed at a more acute angle to the center line of the 
. receiver. On the other hand the more obtuse angle of the 
beam/receiver path associated with beam Bl results in the 
detection of smaller particles. Typical angles that are used 

30 ate angles of 90* and ISO'' associated with the beams B2 and 
Bl, respectively, in comparison to the field of view of the 
receiver R. 

FIG. IB shows an alternate placement wherein the 
transmitters Tl and T2 are disposed orthogonally to each 
35 other with the receiver R being at an angle to each of these 
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transmitters. This arrangement also provides for' an improved 
broader spectrum of particle detection. In both FIGS. lA and 
IB the transmitters and the receiver are illustrated in a 
single plane. However, at least one of the transmitters may 
S be directed in a different plane.* Furthermore, it, is possible 
to provide all components directed. in different planar 

• directions. FIGS. 4 and 5 described hereinafter show other, 
.arrangements of optical' detection systems employing pairs of 
transmitters. The optical arrangements shown herein may be 

10 operated on a continuous basis or on a pulse basis. One type' 
of transmitter receiver system is' shown in my prior U.S.- 
patent 4,126,790. • 

In my prior U.S. patent 4,126,790 there is shown a light 
source preferably driven on a pulse basis from a constant 

15 current -source. Generally, the efficiency of such a drive 
system is low because there is a major portion of the voltage 
. drop and the power lost across the series resistor which is 
in series with the light emitting device. However, because 
the light emitting diode which may be a Galium Arsenide diode 

20. has a low forward voltage drop, in accordance with the inven- 
tion described herein, two. or more diodes may be placed in 
series without drastically increasing the power or current 
consumption. FIG. 2 shows such a circuit arrangement including 
a pair of light emitting diodes identified by reference 

25- characters Tl and T2 in series with transistor 10 and resistor 
12''. th? transistor. 10 may be operated from an oscillator or 
the like on a pulse basis. Transistor 10 has its collector 
coupled t^o the light emitting diodes and has its emitter 
• coupled to resistor 12. IVhen the transistor 10 is conducting 

30 both of the diodes are operating, the net effect is to 

increase the amount of radiated power into the field of view 
of the receiver. For example, the transmitter shoivn in FIG. 
2 'may be the same transmitters shoim in FIG. lA having the 
receiver R associated therewith. It is also possible with 

35 the two diode arrangements to reduce power consumption by 

Ivi 

• • • 
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reducing the drive current to the transistor 10. Because there 
are two emitters now radiating into the space, and although each 
is at a lower output, the total flux will be at least as great 
as with the use of only one emitter at a higher current. Thus, 
5 there is an appreciable increase in efficiency with the use of 
two series arranged light emitting diodes or the like. 

In accordance with another aspect of this invention, 
. reference is now made to FIG. 3 wherein the diodes (trans- 
mitters Tl and T2) are .operated on a sequential basis. Although 

10 in FIG. 2 two transmitters are shown, it is understood that 
more than two transmitters could also be used with each 
■ transmitter in sequence being operated. The circuit arrange- 
ment of FIG. 3 provides for. sequential operation on essentially 
an alternating basis with each diode being operated at a 501 

15 duty cycle. The circuit of FIG. 3 includes a bistable device 
of flip-flop 14 having a clock input, the frequency of which 
is dependent upon the duration that each emitter is to be on. 
FIG. 3 shows the assertion or Q output and also the negation 
or Q' output which couple respectively ta transmitters 16 and 

20 . 18 which have their emitters connected in common to the common 
resistor 20. Thus, when the output of the flip-flop 14 is at a 
set state, the Q output is high causing transistor 16 to conduct 
and causing illumination of the light emitting transmitter Tl. 
In the set state of the flip-flop the negation output is low 

25 and thus transistor 18 is off. Upon the receipt of the next • ' 
clock pulse the flip-flop 14 changes state to say a reset 
state thus causing the transistor 16 to cease conduction and' 
causing conduction of the transistor 18 by virtue of the high 
output from the negation output terminal of the flip-flop 14. 

30 The arrangement of FIG. 3 permits a smaller duty cycle of 

operation and thus tends to increase the life of the transmitters. 
Again, if more than two transmitters are used a- circuit arrange- 
ment can be provided wherein only one transmitter at a time is 
illuminated and where all transmitters are operated in sequence. 

35 Both FIGS. lA and IB show the use of two transmitters in 
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association with a single receiver • However, in an alternative 
arrangement a similar broad band detection is possible by the 
use of a single light source in association with a pair or 
more of receivers whidi are placed at different angles relative 
5 to the light source. In still other arrangements there may- 
be provided both a plurality of receivers as well as a 
plurality of transmitters such as shown in the schematic 
illustration of FIG, 4 which shows the use of two transmitters 
at locations A and .B and tito receiver^ at locations C and D. 

10 This would provide a resultant coverage that would be very 
. broad band. In FIG. 4 the angle BOD is an acute angle*, the 
angle BOC is an intermediate angle slightly greater than 90® 
and the angles AOC and AOD are relatively wide obtuse angles. 
For example, the angle BOD may be 90**, the angle BOC may be 

15 120®, the angle AOD may be ISS"", and. the angle AOC may be 160"*. 
FIG. 4 shows an arrangement wherein there are two 
• receivers provided. FIG. 5 shows an alternative possibility 
wherein the two receivers are combined as a single receiver 
22 which may be fabricated with a relatively large sensitive 

20 area 24 which may be of concave or parabolic shape as indicated. 
The area 24 preferably has a large acceptance angle. The 
light sensitive area of surface 24 may be arranged in a 
continuous strip or' in segments in the form of a matrix and 
may be deposited either on a flat surface or on a curved 

25 surface as specifically indicated in FIG. 5. The shape of 
the substrate of the receiver 22 may be constructed so as Lo 
limit the field of view of the light sensitive material to 
that of ihe detection area for reflected or scattered light 
and thus reduce the effect of ambient radiation. As indicated, 

30 a concave or parabolic surface are two of the preferred 
configurations. 

In FIGS. 1, 4 and 5. arrangements are shown for improving 
an optical detector's performance by means of multiple angle 
, detections. Even so, there is still a lower limit of particle 

35 size detection. Thus, it is desirable to employ a combination 
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detector preferably one including both an optical section and 
an ionization section. The ionization detector bridges the gap 
betv7een the intermediate size particles and those down to less 
than 0.03 microns. A combination detector may use logic iand 
5 delay circuits for combining the two modes of detection some- 
times referred to as two separate channels. The following 
description is of another technique for combining the two 
different types of detecticm. In this connection reference is 
now made to PIG# 6 which shows a system incltuiing an optical 

10 detection section 28 and an ionization detection section 30« 
The optical detection may be in accordance with a system 
such as shown in my U.S. Patoit No. 4,126,790. The ioniza- 
tion detection may be in accordance with the arrangement 
shown in my U.S. Patent 4,121,105. While the optical 

15 detection section 28 shown in PIS. 6 shows the iise of multiple 
optical sensors 32, a single sensor may also.be enrployed. 

With regard to the optical detection section 28 the 
sensor 32 may include i for example, a power source or strobe 
generator coupling to an optical tzuasmitting transducer 

20 that operates in association with a Galium Arsenide or Galium 
Phosphide optical endtter. In PIG* 6 the output from the one 
or more sensors couples to an amplifier 34, the output of 
which couples by way of diode 36 to an integrator circuit 
including the capacitor 38. The voltage across capacitor 38 

25 is tied to the main input of comparator 40. The reference in- 
put to -fee comparator 40 is taken from a voltage divider net- 
work including resistor 42 and transistor 44. The transistor 
44 has its degree of conduction control from the ionization 
detection section 30 of the detector. Thus, in the embodiment 

30 of PIG* 6 the main signal is from the optical detection 

section while the gain control or threshhold control is from 
the ionization detection section. The optical detector 
detects the larger particles \and when this 
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occurs there is an increase in the output signal from the 
amplifier 34 coupled by way of the diode 36 to cause an 
increase in the charge across capacitor 38. It is possible 
that the signal may not be sufficient to exceed the threshhold 
of ' the comparator as established by the netKork including 
resistor ^2 and transistor 44. However, because the particu- 
lates are not mono-dispersed, upon the detection of smoke or 
the like the ionization section will have an output \>rhich will 
increase upon detection of smaller particles. This output 
coupled to the transistor 44 is used to lower the threshhoid 
of the comparator and thus cause it to trip. The amount of 
threshhold is controlled by means of a potentiometer 46^ or 
the like circuit such as one employing scaling resistors of 
fixed value. 

The ionization detection section 30 comprises an ioniza- 
tion, chamber 48 which may be of the type described in either 
of my U.S. patents Nos. 4,021,671 or 4,121,105. This chamber 
typically includes a detection chamber and a reference chamber 
These chambers connect between opposite polarity lines 49 and 
50. These lines also connect to an impedance converter 
comprising an FET spurce follower .52 having associated there- 
.with the potentiometer 46. The common electrode from the 
chamber construction couples to the input electrode of the 
source follower 52. The output from the source follower is 
taken at the movable arm of the potehtiometer 46. It is this 
voltage that controls the conduction of transistor 44. As 
the conduction of transistor 44 increases, the reference level 
at the reference input to the comparator decreases thus chang- 
ing the threshhold or trigger level of the comparator. 

In addition to the ionization detector sensing smaller 
particles, it also reacts to larger particles but providing 
a smaller signal change. Thus, the detection of the optical 
detector is enhanced even when smaller particles are not in 
abundance. This enhancement -mode detection technique allows 
for a detector that is neither an AMD nor an OR configuration 
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and thus avoid the disadvantages of these previous detectors 
taught in my copending application Serial' No. 13,398, For an 
• AND detector, two broadband sensors must be used if the full 
spectrum of detection is to be used. In an OR detector, the 
5 full spectrum of detection is possible, but if one sensor is 
very susceptible to the environment, then a false outniit is 
given. Such may be the case for the ionization portion of a 
combination detector which would be susceptible to air. movonent, 
or for the optical portion which would be susceptible to fast- 

10 rising ambient radiation. However, with the enhancement -mode 
detection of the present invention, if the ionization section, 
for example, either is too sensitive or completely fails, the 
threshhold of the comparator is altered but not sufficiently 
to cause an output but merely to increase or decrease the 

15 sensitivity. Thus, with regard to the embodiment of FIG. 6 it 
is noted that there are two resistors, in the voltage divider 
chain in addition to the conduction of transistor 44 that 
effects the reference input to the comparator. 

FIG. 6 has shown a system wherein the ionization sensing 

20 portion modifies the threshhold of the optical output. The 
reverse arrangement is also usable as depicted in the circuit 
diagram of FIG.. 7. In this instance, as the optical sensor 
detects particulates, the threshhold of the .comparator 40A 
is reduced to thus essentially increase the sensitivity of 

25 the device and cause an alarm condition at a lower input 
. signal from the ionization portion. 

In FIG. 7 like reference characters are used to identify 
like components previously discussed with reference to FIG. 6. 
Thus, in FIG. 7 there is shown an optical detection section 

30 28 comprising a pair of sensors 32, and an ionization detection 
section 30 comprising the ionization chamber 48. The optical 
detection section 28 also includes an amplifier 34 which may 
be a conventional operational amplifier, diode 36 and integrat- 
ing capacitor 38. The output of capacitor 38 is coupled to the 

35 input electrode of transistor 45. The transistor 45 has 
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associated therewith an emitter resistor 47 which forms a 
part of a voltage divider network also including resistor 
49, ts^hich network couples to the reference input of the 
.comparator 40A. The main inpv't to the comparator 40A is ' 
5 taken from the output of the source fpllower 52 which in turn . 
' is driven from the output of the ionization detector chamber 
48. In the circuit arrangement of FIG. 7 rather than 
having a potentiometer at the output electrode of the follower 
52, there is provided a resistor connected in scries from the 
10 output with the output, signal taken from the output electrode • 
of the source follower coupled to th-e main input of the 
, comparator 40A. 

With the arrangement of FIG. 7 there may be an output 
from the ionization detection section that is not sufficient 
15 to trip the comparator 40A. riowever/ when the optical detection 
portion also senses the detection of particulates, then the 
conduction of transistor 45 increases causing a drop in the 
voltage level on the input reference line 51 thus effectively 
lower the triggering level of the comparator 40A. This 
20 mode of operation is referred to herein as enhancement -mode 
detection. 

In accordance with the form of detection described in 
accordance with this invention, the output of one sensor may 
be used to increase the gain or output of the second detector. 
25 In this connection FIG. 8 shows a circuit schematic diagram 
wherein the gain from an optical detection section is altered 
from the ionization detection section. FIG. 8 shows an 
arrangement wherein the ionization sensor output decreases 
in the presence of particulates. * This is easily arranged 
30 in a detector by sampling the voltage across the reference 
chamber rather than detection chamber. 

In FIG. 8 there is shown the ionization chamber 48 
having associated therewith the FET source follower 52. The 
' output from the source follower couples to the bipolar transis- 
35 tor 56- The transistor 56 has an emitter resistor 57 and has 
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its collector coupled to a potentiometer 60. The optical 
portion of the system includes the sensors 32 which couple 
to amplifier 34. The output of the amplifier 34 which may- 
be an operational amplifier, couples to one side of potcntio- 
S meter 60. The movable arm of the potentiometer 60 is the 
output line as indicated in FIG. 8. 

With a detection, as previously indicated, the ionization 
detector is set up so that the voltage output from the source 
follower 52 decreases. This causes the transistor 56 to 
10 decrease induction thus causing its collector voltage to 
increase. The transistor 56 essentially functions as & 
resistor whose impedance increases as the voltage at it-s 
input base decreases. The net result is that the voltage at 
line 61 increases due to the ratio of y:x increasing. In this 
IS way the sensitivity of the detector is enhanced. In still a 
further embodiment of the inventiqii one can interchange the 
. outputs of the two detectors so that the optical detector is 
used to alter tfte output level of the ionization detector. 
FIG. 9 shows still a further embodiment of the present 
20* invention again employing an optical detection section 28 and 
an ionization detection section 30. The optical detection 
section 28 includes an optical detector 32 whose output couples 
to an amplifier 34. The output of amplifier 34 couples by way 
of diode 36 to the integrator circuit including capacitor 38. . 
25 The ionization detector may be of the type previously described 
including chamber 48 and source follower 52. The output 
from the source follower which is preferably an FET, couples 
by way of diode 64 and line 65 to a variable resistor 67. 
Similarly, the output from the optical detector taken across 
30 capacitor 38 copules by way of the diode 70 to line 71 and a 
second variable resistor 74. The variable resistors 74 and 
67 along with variable resistor 76 which represents a reference 
input, are coupled to the transconductance amplifier 80. The 
embodiment shown in FIG. 9 has additive inputs as represented 
35 by the signals' coupled through the variable resistances 67, 
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74 and 76. The values o£ the resistors 67 and 74, in 
particular, can be selected to favor one or the other detector 
or favor neither detector. The transconductance amplifier 80 
.may be constructed from an LM3900 device,. There is typically 
5 a low output from the device 80 when the input current 13 is 
greater than the sum of the currents 11 + 12. On the other 
hand the output from the device 80 is in its high state if 
the sum of the currents II + 12 is greater than the current 
I3, The ratio of the optical detector current to the ioniza- 
10 tion detector current is controlled by varying the values of 
the resistors 67 and 74. The overall sensitivity control is 

• by means of the variable resistor 76, 

Having described a limited number of embodiments of this 
invention, it should now become apparent to those skilled in 
IS the art that numerous other embodiments are contemplated as 

• falling w-ithin the scope of this invention. For example, 
with regard to the combination detector described herein, 
examples have been shown wherein the combination includes an 
ionization section and an optical section. • In alternate 

20 arrangements both sections could be optical or both could be 
of the ionization type or there could possibly even be another 
type .of detection tHat is employed in the combination. However 
the preferred arrangement is one employing fin optical detector 
and an ionization detector. 

25 ' IVhat is claimed is: 
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1 . !• In an optical detection system,. a plurality of optical 

2 tfansmitters each having a beam path, means supporting the 

3 transmitters, at least one optical receiver having a field of 

4 view and means supporting the optical receiver, the beam path 

'5 of the transmitters each being at a different angle to the field 
6 of view of the optical receiver. 

1 2. .In an optical detection systeiu as set forth in claim 

2 1 including at least two optical receivers arranged at an acute 

3 angle to each other. . • 

1 3. In an optical detection system as set forth in claim 

2 1 wherein said optical transmitters are arranged at an acute 

3 angle to each other. 

1 4. In an optical detection system as set forth in claim 

2 2 wherein said optical transmitters are arranged at an acute 

3 angle to each other. • ' 

• » * * • . 

y ... 

•1 5. In an optical detection system as set forth in 

.2 claim 1 including barrier means disposed between said trans - 

3 mitters and receiver for optically biasing the receiver. 

1 6. In an optical detection system as set forth in claim 

2 1 wherein said angles may include an acute angle up to about 

3 9D^ and an obtuse angle. 

1 • 7. In an optical detection system as set forth in 

2 claim 1 wherein the transmitters are disposed at a 90** angle 

3 to each other. 

1 8. In an optical detection system, a plurality of 

2 optical receivers each having a receiving fie.ld of view, means 

3 supporting the receivers, at least one optical transmitter 

4 having a beam path and means supporting the optical transmitter, 

5 the field of view of the receivers each being at a different 

6 angle to the beam path of the transmitter. 
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1 9. In an optical detection system as set forth in 

2 claim 8 including at least two optical transmitters arranged 

3 at an acute angle to each other, 

1 ■ 10. In an optical detection system having a. transmitter 

2 section and a receiver section, said transmitter section 

3 including a plurality of light emitting means and means 

4 commonly driving the light emitting means to provide con- 

5 current illumination thereof. • ' ' 

• • 

1 11. In an optical detection system as set forth claim 

2 10 wherein said light emitting means includes a light emitting 

3 diode and said means driving includes a current controlled 

4 semiconductor means for providing a constant current through 

5 the diodes. 

^ . " 12. In an optical detection system as set forth in 

2 claim 11 vherein the semiconductor means includes a transistor 

3 having the diodes connected in series to a main electrode of 
4- the transistor. 

1 * 13. In an" optical detection system having a transmitter 

2 section and a receiver section, said transmitter section 

3 including a plurality of light emitting mean? and means for 

4 sequentially oper?iting the light emitting means. 

1 . 14. In an optical detection system as set forth in 

2 claim 13 wherein said means for sequentially operating includes 

3 means for alternatively operating a pair of the light emitting 

4 means. 

1 15. . In an optical detection system as set forth in 

2 claim 14 wherein the light emitting means includes at least a 

3 pair of light emitting diodes and the means for operating 

4 includes bistable means having opposite outputs for alternatively 

5 operating the diodes. 
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1 16* In an optical detection system. as set forth in 

2 claim IS Including a semiconductor switch in series with each 

3 diode and operated from the bistable means. 

1 17. In ah optical detection system as set forth in 

2 claim 1 wherein the optical receiver has a relatively wide 

3 field of view including a focusing curved sensitivity surface. 

1 18. A smoke and particle detecttfr comprising; an optical 

2 detection means including optical detection circuitry for 

3 providing, a detection signal, an ionization detection yieans 

4 including ionization detection circuitry for providing. a refer 

5 ence or threshhold signal and output decision means responsive 

6 to said detection signal and reference signal for providing 

7 an output alarm signal. 

1 19. . A smoke and particle detector as set forth in claim 

2 18 wherein said output decision means, includes comparator 

3 means having one input for receiving the reference or 

4 threshhold signal and another iapu-t :f or recelsdxi^^ ttft 

5 detection signal. . 

1 20. A smoke and particle detector as set forth in claim 

2 19 including a threshhold circuit having a node coupled to the 
.3 one input of the comparator means and semiconductor means 

4 providing a variable impedance for the threshhold circuit and 

5 controlled from the ionization detection circuitry. 

1 21. A smoke and particle detector as set forth in 

2 claim 18 wherein the output decision means includes gain 

3 control means. 
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1 22« A smoke and particle detector as set forth in 

2 claim 21 wherein the gain control meazfs includes voltage 

3 divider means including semiconductor control means the 

4 conduction of whidh is coitrolled from the ionization 

5 detection circuitry. 

1 23« A smoke and particle detector as set forth in 

2 claim 18 wherein the output decision means includes 

3 stmmiixig means. 

1 24« A smoke and particle detector comprising: 

2 ct fisret detection means including first detection 

3 circuitry for providing a first detection signal, a second 

4 detection means including second. detection circuitry for 

5 providing a second reference or threshhblcL sigocuL, and 

6 output decision means x^sponsive to both set signals from 

7 said first and second means for providing an output 

8 * alazm signal. 
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